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PROCESS AND APPARATUS FOR THE RECOVERY OF PRECIOUS 
METALS FROM SLAG, TAILINGS AND OTHER MATERIALS 
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Backcrro»n,^ ^>.^ TTirrTitlnn 

The present invention concerns a process for 
the improved recovery of precious petals and other 
desired matter from slag, tailings and other source 
materials The invention provides a recovery method 
Which minimizes the use of harmful chemicals, in 
certain instances the invention may minimize the 
potential for harmful materials to escape into the 
environment during the roasting phase, and in certain 
instances the invention may make harmful components of 
the source material safer to handle. 

The present invention is particularly 
advantageous in the economical removal of harmful 
matter and in economical extraction of desired matter 
such as, precious metals, primarily gold, silver and ' 
Platinum group metals, from source materials, such as, 

applicable, are uneconomical or not as economical as 
the present invention. The mere existence of 
tremandous quantities of slag and decades old tailings 
containing significant quantities of precious metals 
locked within it, points to the unsolved problems 
those Skilled in the art faced, at least in safely and 
economically recovering such metals.. 



Summary of^ -i- he Tn^r^-ni-i^^ 

The invention provides several methods that 
can be used individually or in combination to recover 
30 precious metals. 
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in a specific embodiment of the inv^„i.. 
source materials containina th^ in^^ention, 
formulated into a ! P^^cxous metals are 

atea inro a composition comprising ^ . 

water «^ a co^tlbl, nitrogen Li^Il^lT ' 
5 composition Is then roasted in the o^ 
• borohyaride and a «tal salt toT/ °' 
a^ut eoo-P to ahout SCO-. T^a^^'"^ 
suitahle nu^in, agent co^ri^inT^^^-"'""' °' ^ 
<=yMotrihirdridoborate and . suitLle »^ • 
■ are added to the roasted «>te^ira!d T 
»i««re is heated in a rotary ^iln t' ?! 
*ron about laoo-, to about 7o.^. ^1 L^"""" 
containing the precious .^tals is sep^^T 
waste Slag and recovered ^ro. the ""^ 

«urc JteruT^^nrT"^'"'"' « *"-Won. the 

-ound or cZ^^tzzz'sIt::^^^^^' 

frozen before being roasted T ^^^^o^ghly 

ero?^e'::L"tr" "^-^ ^^^^ 
spectru., dj^:,:^:^:: z -^^---"^^ 

the source material ^ZT '^'^tively, 
P-or to roasti^"^ ZuIoXt'e^r" 
combustible nitrogen materials ^y :e^:7"" 
£>«lMr processing. to 

source »a^ertTc»^°f °' *^ the 
Without pr"r prl^l^^f ''^'^^ -^th or 

that a-bLItiairan^ tl * 

«v.axitiaixy all matter which a- <^ . 

organic ^^IT.ZZlXZ't '^Z^IT 
ana/or capture or ads rb desired ejHted L 
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volatilized matter. For example, the organic material 
may be preconditioned to attract and capture precious 
metals, in which case, the organic material with its 
load of captured precious metals will be further 
5 processed to recover the precious metals. 

The invention also concerns a freezing and 
irradiation chamber, a roaster and the use of a 
sensitized organic material which are useful in 
practicing the methods of the invention. 

10 The invention further concerns the removal of 

harmful matter from source materials containing them. 

Detailed Description of the Invention 

The process of the invention can be used on 
many materials containing precious metals or harmful 

15 substances. The methods of the invention are 
particularly advantageous in extracting harmful 
materials and precious metals, primarily gold, silver, 
and platinxim group metals, from source materials, 
including, previously worked ores such as slag dumps, 

20 flux piles, tailings, and slime dmnps, or ores 
containing a low precious metal concentration; 
however, they may also be used on recently mined ores 
such as head ore and concentrates or placer deposits. 

The source material, is first reduced to the 
25 proper processing size, that is, it is pre-sized, by, 
for example, grinding or crushing, in which case 
conventional ore processing methods using conventional 
machines such as a jaw crusher, rod mill or ball mill 
may be used. Generally, it is easier to process the 
30 source material if its size is less than about 2 to 3 
inches, and it is preferred that substantially all of 
the source material particles be about 1/8 to 3/8 of 



wo 90/13678 

PCr/US90/0254S 

4 

an inch, as measured along its longest axis -pk 
proper processing size of the r,artl!i ! ^ 
the source material. For exLplT " '''"^^ 
preferred that th« ! ^^«»Ple, generally, it is 

dense materials. Particle size than less 

After the source material hae k» 

Should be reason^iy pure an^^ ^! -"oistenl^g 

Significant a«unt= oH^ " ! """^^ 
oTOuniB or any contaminants or »d«i<-< 
It is preferred that distin.^ • "Mitives. 
nsBri -r cistllled, deionized watai- i. 

<Ked. In a preferred embodiaent or 7 
15 Pre-sized source material iTT.^ ^ 
»d is moistened by sprayi^: llT^Z' ~ ""^ 
runoff ™ter may be used after sul^w ' ' 
e^ca^ie to remote -trimentai™;:^^--^; - 

- i.e.. at^r^rrt^r^jr- r 

-terial sbould be at or low^^'t^: llT i 

-L^is'T^Tp":,": - ^ 

a fr.e.i„, .^TaT " « ^ — yor belt into 

- tbrou^ the f..e.in:l^e"r:"r" "~ 
that all th. material h.. J ° " ^"r" 
b-for. it e.ita Z l^'^ '^"'''^ 

»ay aisorrrrtirrrri" " 

0 generally fr«. Just 

visual portion of th. I, ° """^ ""^ »""h ends of the 

- ul...i. 

c ».«:elally available heat lamp b«lTan'«, 
infrared radiat^n, or sun iampUs" aTthtcaror 



ultraviolet radiati n) can be used as the source of 
the radiation. 

The need for irradiation, the type, intensity 
and duration of irradiation will depend upon the 
source material being irradiated. 

Certain generalizations concerning irradiation 
have been found to enhance recovery of precious 
metals. Source material which contains more than a 
trace quantity of sulfides may beneficially be treated 
with ultraviolet ("UV") radiation. For the purposes 
of this portion of the process a trace quantity is 
defined as less than about one tenth of one percent by 
wei^t. If greater than trace quantities of cyanide 
are present in the source material, it may be 
beneficially treated with infrared ("IR") radiation. 
If greater than trace quantities of arsenic and 
sulfides are present in the source material, it is 
generally not treated with UV or IR radiation during 
the freezing stage. 

In a like manner, it is expected that the 
presence of other elements may suggest that the final 
yield of precious metals may be increased by the 
appropriate use of irradiation during the freezing 
stage. In the preferred embodiment of the invention 
UV and IR radiation sources are located within the 
freezing chamber and are situated relative to the 
conveyor belt so that the material is subjected to the 
appropriate radiation as it progresses through the 
freezing chamber. 

After freezing and before the material is 
thawed a combustible nitrogen composition is applied 
to the surface of the material. Any nitrogen based 
combustible material such as nitrogen based organic 
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fertUizer M.y be used. As long as a suf£lcie„t 
-cunt Of the co^stibl. nitrogen .naterial is appUed 
the Of any excess is not critical since 

substantially all of the nitrogen «terial Includinc 

"umea in the subseguent "1^^^ 
Stage. A commercially available combustlhi*. 
cc^osition Which has been found to^^fuiT 
utilized in the present invention is Malorg«,ite. a 

in »^ manufactured by Hilvaukee Metro, of 

10 Madison, Bisconsin. 

In the preferred eiiUjodinent of the invention 
2 combustible nitrogen Material is distribT^f 
the source arterial soon after the conveyor belt 

16 ^ rrLing 

15 Chamber. ^ this embodiment the combustible nitroaen 
-terial is contained in an application atpL^^s^ 
positioned above the conveyor belt and on L route 
bet„een the freezing chamber and a roasting ap^atus 
If, prior to roasting, the source material ao^fr^T' 
" be dry additional «ter should generajy L ^ 

*s is well known, the object of roasting is 
Otter volatile substantes existing i„ the source 

TO this end, the source material is heated in a 
furnace, through which a current of air is na»..H 
Additionally, roasting has be«, used in ^VpLT;. a 

P^l^ ^ /-""-tion Of the well ..own'cyaniL 
process for the recovery of gold. 

» Roasting was used to reduce the presence of 

Bulphur compound, in the source material Ba'icaiw 

^ « al^r '""""""^ 
percent of alkaline cyanid a BHrr»,4- 

«-yania , a slight excess f sodium 
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hydr xlde or being added to . ^ 

the oxidation of pyrlt! and t^l " 
preoious n.t.1. wS^.il cert'rT'''''""' 
as those containing "'Ui^JTs^-..:T"T„ T. 
= « "Canicides., a« deieteriou, to S. ;Z:e *° 
process, and are removed, e a bv 

.PPXioation o. the Jr^lZ' X:^:'"^ ' *° 

» Tt! V'"" ' »i9ni«ca„t amount of deLired 

Off into the atmosphere. «hile there are methods 
currently available to oapture this escaping „rtL 
»ost are not conducive for the eoonomicar rec^e^of 
^. desir«. „tter. The inventor has found thlHy 

s""itiz'er "'""'^^^ ^-"^ity to'a 

of^! r • ^"'"^ substantially all 

Of the desired escaping matter passes through the 

desired matter may be captured by the sensitised 
™.d"?"'''^ economicarr 

Additionally, this process may be used t„ 
remove and capture or adsorb or oth. Jis. Cer ° ess 
™ specific hatful constituents of the scu«e 
material. For ejcample, as referred to earlier th. 
roasting process has long been used to drive^^f 

Off the source material during the roasting 
.tags may be captured by the sensitized organic 
«terial and thereby r«,dered less harmful^L 
environment, m a like manner, other harmful 
materials driven from the source material during 
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mie organic material which 4-^^ 

5 Charcoal, perlite y..r,i-!+.» coai, 
i-ctxite, zeolite or vermiculite >pk» 
inventor has i^n^^^ » -'■■-v-uj.ite. The 

! A«nno-Carb« organic material 

supplied commercially by Astro Chemical Z . 

certain gL'^.utm"'" ""^ ^-tion, 

precious -atals can bT! f " "covery of 

in order to ^^m.^ =ucce«,„lly «tlu.ed. 

conta.lnan,.'^':^^ ^^''^^ 
0 4. water. The moistened material 

0 then treated, by soair^^rr . "«eriai is 

soajcing or sprayino with . 
acidic solution no ^ aqueous 

"xution, no more than 30 per ceni- r,^ , 

acetic acid in water i ^ , ^ normal, e.g. 

.3 t.orc.:i;;xr:!s r:: - — 

^inaixy to co^Xet. tH. V^^.:^^; T"'''' 
=oXutic„ Of a BBtaX salt e 0 3^^ 

Silver nitrate .nay be .11^^ .^'°"° "°'""°» °^ 

y be appxiea to the organic materiaX. 

r.c„„, '"'i'^''^ <''9«1= materiax may be 

r render less harmful desii-*>rt 
-e ™ being r a.te. ZT. ^^t^cotr' 
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belt. As the organic material 

the roster U s.ou.. ,e„e« /^e "e^t"' T°"* 
resensitlzlng is required Bh„ """^^^ 
3 is saturates it is Zoolss^.T oZlrToTo 
desired matter, for example any »r!L 
escaped during the roa«^!^« Precious metals that 

uring the roasting process and which w«>.^ 
cpturea by the sensitize, organic MeterUl 

0 inventio^r^t^i^r^ T"""'' " 

, T:ne pre-processed material which alen 
contains some water anrt ^ "men also 

=ource is then rol't:r.oTer t."" 

^ t:°t:;'.rit^~rr.^-t ^ — 

The sensitized organic material k , 
directly over the material heing p^oeeleT e V T 
resting on a second conveyor belt whl^h 
respect to the electa or volatm "'"^^ 
-Sired to pass through 

organic material. However it i« n ^^"^^^ized 

sensitizes organic material be such that th. » • 
-tter wlu pass through the sensitizt o^^c^'^"' 
"eterlal, but the .at.ri.1 being roast«J not 
Phy.lc«ly .1. „i^ „„^,^^^^ organic Lte:ui. 

roaster on a Progresses through the 

eter on a first conveyor belt while at the sa»e 
ti« the sensitized organic material is als^ ca^f 

z'::tji'^'' poeitio°edi^:: 

and in relatively close proximity to the first 
conveyor. The material is roasted until it is 



wo 90/13678 



PCT/IS90/02545 



10 



completely dry and all the nitrogen material is 
c mbusted. 

Generally, the roasting process as described 
above wxll have the additional advantageous effect of 
5 drxvxng off harmful matter such as heavy metals 
arsenic, sulfides, etc. from the material being' 
processed. As noted earlier, by suitable adjustment 
to the sensitizing agents used for sensitizing the 
organic material such harmful matter which escapes 
from the material will be captured or changed in form 
t:o a less harmful material. 

For example, it is well known that chlorine in 
a gaseous form may be given off during the roasting 
process. Moreover, chlorine may also be set free by 
the actxon of sulfuric anhydride on salt, while the 
presence of water vapor induces the formation of 
hydrochloric acid gas. However, as with the case of 
the sulphur compounds and arsenic compounds, the 
Chlorine gas and hydrochloric acid gas, driven off the 
20 source material during the roasting stage, pass 

trough and about the sensitized organic material. 
The Chloride gas and hydrochloric acid gases may then 
react with the sensitized organic material and may 

25 ^Iir """"^'^ ^° and 

25 sodxum sulphate. 

According to one embodiment of the present 
invention, after the sensitized organic material 

30 ^^^^^^-'^ -ith metals. By saturated the 

30 xnventor means with respect to this process that about 
one percent or more of the surface area of the 
sensitized organic material is covered with metallic 
"latter, if it is saturated the organic matter is 
burned off l aving metal dust, if it is not saturated 
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it is recycled through the roasting stage after first 
moisturizing again with water. 

According to one embodiment of the invention, 
after the material being processed leaves the roaster 
5 suitable fluxing and mothering agents are then added 
to the roasted material. The amount and identity of 
the fluxing and mothering agents to be added will in a 
large part be determined by the composition of the 
material being processed and the matter desired to be 
10 recovered. 



The identity and methods and conditions of use 
of such fluxing agents, for example, oxidants (such 
as, the oxone* oxidant manufactured by Dow Chemical 
Company) , fluorides (such as the Flourspar* calcixim 

15 fluoride composition manufactured by DuPont) , 

chlorides, nitrogen compounds (such as the Nitre* 
nitrogen compound manufactured by Seder Chemical Co. , 
of Vicksburg, Mississippi), sodium compounds, etc., 
such as, calcium fluoride, potassium nitrate, soda 

20 ash, boric acid, sodittm cyanotrihydridoborate are well 
known to those skilled in the art. The use of sodium 
cyanotrihydridoborate is not similar to the use of 
cyanide in the cyanide process referred to above. The 
present invention does not use an aqueous solution of 

25 a cyanide compound, moreover, the present invention 
uses an insignificant quantity of cyanide compound as 
compared to the quantity necessary for the cyanide 
process • 

Generally, soda ash and boric acid should 
30 always be used. Moreover, if the source material has 
high amounts of arsenic (e.g., greater than about ten 
parts per million) , then the addition of a small 
amount of sodium cyanotrihydridoborate (e.g., about 
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= or the Viscosity of a hot JToT^l 

9ene„uy .u„.st a..itions to tta^J^"'"' '''' 
type ot materUl. usea above as^l JT^^ 
•a-Ple, the source mater^rr ' 

" -certaine.. >^i.^ Z TZ^T ""'^"^ 
.ciaic pH su^ests that adaSioLTb^si °"' " 

soda ash, be addea, while": l^UT^' 
suggests that aadittonal acidic co^o^ds e^ , 
acid, be added, it t>,« ^„ • ""Po^as, e.g., boric 

« .dditio«l acidic ortLS " ~ 

However, as ^^^.''"^.TlTZ.'^r 

easily under capable of flowing 

bei„/pro!:Lris"""v™°"- " ""^^^"^ 
tbe addition o, claZrelcT"."""'"' ' 
-decrease the ^i^siTa^: ^T*' " 
■' final yield. thereby enhance the 

-o-xa -^^i^o-t^rrrof-'^LrrT 

Baterial. The bothering agents to ^ ' 
upon the «terial bei„g'p::::lr.^ "'^"^ 
Which recovery is to b! Li:i:L.^or :r:r T 
the recovery of gold is to be enhanced ' 
-y^h. beneficially added to thT^^^aTa" '""^ 
"»th«:lng agent. It has been found that ^e addlt, 
Of about five percent by weiaht of Motion 

y weight of copper oxide and 
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silver oxide will enhance the recovery of gold up 
until the point is reached wherein the gold content of 
the dore* exceeds about forty percent by weight. 
Other mothering agents include tin and lead oxide. In 
one embodiment of the invention the mothering metal 
comprises 90 lbs, of copper oxide and 10 lbs. of 
silver oxide. The mixture of the material, flux and 
mothering agent is then heated with agitation ^ for 
example in a rotary kiln. 

The mixture is heated to a temperature from 
about lOOOT. to about 3000 T., preferably about 
2000 'F, and the resulting metal product containing 
precious metals is removed. In the preferred 
embodiment of the invention a rotary kiln is used and 
the slag and metal shot product are removed from the 
kiln either continuously or periodically. 

The metal product or shot is further, refined 
to isolate the non-platinous precious metals that are 
to be recovered. According to one embodiment of the 
present invention, this may be accomplished by 
analyzing the metal shot for precious metal content 
and based on the analysis and in a recycling process 
adding more mother materials and then heating the 
mixture with agitation in the same manner as done 
initially^ or recovering the precious metals from the 
shot. 

A point is reached where recycling after the 
addition of-mothering agents will not increase and may 
in fact lower the yield of precious metals. It is at 
this point that recycling should be stopped and the 
precious metals recovered. For example, the inventor 
has found that for one starting material, when the 
metal shot reaches about forty (40) percent gold in 
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co^t^t, l^,^^ 

Ihe flux,d material poured fro. the kiln 
i..., the .lag, i. pUveri^«,, «c,»pw„ . ' 
5 crusher, and then analyzed !„.♦,., , 

-terial .1.., J„,t. ^dtl L^Xr'"' 

a neutral pH should generally be added. 

" the elagt rrrnTt'laCrer^Z""^' ^'"^ ^ 

abeoiption or tire assay „ « ? 

.roup „t.le present ThelL ^IJZtL" '"^^ 

-ount, the sla, .ay b. us.r,r^r^ 
L= example, the slag .ay be poured i^ LlT"" 

for construction purposes! or 's^ L " ""^ 

-Phalt finer, or added ;o JLlaL ITZT ""^ 

However, If platinum group .etals are present fn 
0 eoonctcal recovery aaounts the .ater ilPwrn 

^'V:igTr" *° -tals. 

suggest; ^:t™:o:: raXTL-r : 

oene^lly, the pH altering agent! anT^e^S^r' 

The mixture should be hea<-o,q 
greater than about aM lt?4^ > *->*-rature 

preferably between about 

2800 F and about 3000t. The 



wo 90/13678 

PCr/US90/02545 

slag is poured off, e.g, i„to bricks, and the 

group petals are recovered fro. the ^etal 2lt ^^ 

5 materials ani ol ^ P^^'^'^^tion of construction 
arerials and other products such as bricks, etc. 
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following example a loo pound sample of 
Slag source material was processed according to ^ 
embodiment Of the present invention, sl^ Z 

■ Pro^ssed to enhance the recovery of silver and "oXd 

afteft^!"' r'^"^^' °" anl 
after the processing. 

The slag was preconditioned, it was oroun^ ^ 
approximately pea size particles, placed x^to^ ° 
separate douhled-up plastic garbage bags and 
moisturized with water. The bags were then «i . • 

emptied into a crucible, about a cud oi» m«i 

' «»*'wut a cup of Malorganite* 

nitrogen composition was added to the slaa 
contents of the crucible mixed. ' '"^ 

The organic material was sensitized, m a 
-xxng vessel, to about forty (40) pounds of ^o 
Carb. organic material, enough vinegar was poured in 
so as to completely cover the Ammo Carb- organic 

^s a^dl; T' ^ °^ 

exLs iLrrT^^ °' ^^^^^^ ^^^^^ 
excess Ixguid poured off. Elsewhere, about 6 to 12 

Pieces of unexposed X-ray fii„. were dipped in a tlL 

gallon container, containing about two gallons of 

sIlT f r -er 
salt, e.g., silver nitrate. After 

organic material, etc an^ ^-w 

•^■'•aj-/ etc., and the contents mixed 

-nauy, the xi^« «>e vessel wes pou^^ „„, 

and the now sensltUea organic material ™s placed in 

Slater T """'^ ->«-turea by^oe 

Slater, inc. of Teterboro, Hew Jersey. 
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the s.nsTl.T ^ containing 
the sensitized organic ».aterial was placed on top of 

the preconditioned slag in the crucible. The crucible 

5 800 F for approximately 45 minutes. The bag of 

sensitized organic material was removed and separately 
tested positive for the presence of gold. The coasted 
material was poured off and allowed to cool. 

. ina.... """^^^'"^ -^ent. The following 

ingredients were mixed together to form the fluxing 
agent: 2 pounds of soda ash; i 1/2 pounds of boric 
acid, a teaspoon of Plourspar* calcium fluoride 
composition; and about 1/4 gran of sodium 
cyanotrihydridoborate . 

The fluxing agent was then mixed with the 
ZITLZZT ' »aterial/fi„..„. 

Of copper'' " 

aa.n^ 'T"""" "^^^^'^ "'aterial/fiuxing 

agent mixture was then mixed with about 1/4 of the 
mothering agent in a smaller crucible. The smaller 
crucible was heated at about 2100-F until the contents 

Zll Sd ""^ ^--'^ into a 

mold and allowed to cool. The mold was tipped over 
causing the slag and "metal" portion to separate. The 
metal portion was then placed baclc in the smaller 
crucible, another 1/4 of the roasted material/ fiuxina 
agent mixture and another 1/4 of the mothering metal 
were added. Again the crucible was heated at zioo-P 
until the contents were molten. This cycle was 
continued until all of the roasted material/fluxing 
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ZZ.'^' ... ^en ^ ^^^^^ 



Th* source material and the 1.=* - . , 

were then ^ire aeeaye.. The result w^et "^ f""'™ 
^ llatgElal * , follows: 

source Haterial 

last Metal Portion 1.333 °*^^ 



10 



9.36 



»U1 be appreciates that Lse lS^af " 

upon consideration of thi. T f 

-oaifications and ^^^T^' 

invention as defined hy the clal """^^ °^ 
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CLAIMS: 

»et.a. cc^ri.;;;;^ -««lning the d..i„a 

a«.rce ™,t.rial, w'ter "L' '="^°"^"'>" =<>»Prlsing the 

-tax „it „ o^„,, LTr"" ' 

fro- about «o-F to «,o„t 8oo-p"= ! '^«»P-»ture 
■0 roasted material, to obtain a 

"uxih, a,e„t'^T:^4,t'=:"^ ^"""^ " ' 
roasted «terlal and heatn, ZTZ^^r^T" ""^ 
. ------- about .0^.. .r^t^oV'^^d" 

-eta. oontaln^i/rrirLd^orn" ^^^^^^^^ 
2« A process as in <-ia4-m i 

material and li^ T?'"' '^'"''^"^ =°"^ce 
terial and »oxstening the material with water; 

material to a I* temperature of the source 

eraal to a temperature of less than about 32.p. 
c. roasting the source material; 

fluxing agent 'a;dT:uit\h^^^^^^^^^^^^^ T^' ^ ^^^-^^ 
-erial and heating the mate^I ZlTtT 
temperature from ahout .oo. to .^1 "^Zl^ ^ 

-1 ~grr — ^^^^^ 
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4. A process for the reooverv 

b. lowering the temperature of- 4.», ' 
laaterial to a temperature of less ^„ ° ^"^'^^^ 

xess than about 32'F' 

»i ^ °' the source material i-« ' 

electromagnetic radiation; material to 

^' ^°*sting the source material; 

-uxing agentirr':uitU?m?^^^^^^ °^ ^ ^^'^^^^ 
roasted source material^d ^° 

to a temperat^e T ^ ""^""'^^ ^ 

.5 2000-F; ^^^^^^ ^""^ about 1200-F to about 

5. A process as in cisiyn a 

»etaxs 3.p.«t«. r^J'^^ ^J^""*- f^-ious 
the kUn. overed from the slag from 

6. A process as in eiai-« e 
precious metals are separateVarree^erd 
Blag by the method comprising: 

a. pulverizing the slag; 

agents tog.tj;,"^'^ """"^'^^ =1"' ^ 
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e. 



5 



^ _ P "^^"9 off the molten metal f r 

further precious metal separation and recovery. 

7. A process as in claim 3 wherein while the 
temperature of the material is being lowered, the 
material is exposed to electromagnetic radiation. 

8. A process as in claim 4 or 7 wherein th*» 
electromagnetic radiation is from the infrald and/l 
Ultraviolet portions of the electromagnetic spectr^! 

,o . ^' ^ process as in claim 8 wherein the 

10 source of the infrared radiation is commercially 
available heat lamp bulbs. 

10. A process as in claim 8 wherein the 
source of the ultraviolet radiation is commercially 
available sun lamp bulbs. ^rcially 

before th!* ^" ^^^i"* ^ or 4 wherein . 

HZ "'^^-^i-l roasted it is combined 

With a combustible nitrogen material and then roasted 
xn the presence of a sensitized organic material at a 
temperature from about 600-p to about aooT. 

20 12. An apparatus useful for treating source 

materials containing desired metals prior to the 
recovery of the desired metals which comprises a 
freezing chamber and suitable sources of 
electromagnetic radiation. 

, -.^ . apparatus as in claim 12 wherein an 

ultraviolet light source is provided. 

14. An apparatus as in claim 12 wherein an 
infrared light s urce is provided. 
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Batter £^ » P"ces, tor the r«»very f aeslred 

vitH the preplrrL" r::^ " "^^"^ 
a« ^ K °" P^^°°"'^tioning an organic material so 

^0 ::^c?-- — — -^^f 

ic; 4-1. . ^^wu-u ouu i?, m the presence nf^ 

15 the sensitized organic material in ««o>, 

sv^sta^tiau. aU J.-^; iTl^ZZ 

-^e Will paes through ana/or about the Z^.^ 
organic material; and "t-xtizea 

,n ®' P^°°essing the roasted mixture to 

20 recover any precious metals. 

16. A process as in claim is wherein th« 

suitable prooeseing etie, ""aterial to a 

With vater; ^verizea particles 

17. A process as in claim le wherein th» 
source material is fv,^^^^ ™erein the 

ir^^r,' further prepared for roasting by 

xrradxatxng the moisturized particles with 
electr magnetic radiati n during the temperature 
lowering process. 
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= rr — ^^^^^^^^^^^ 

source ...terl.! particles are about 1/8 t^ '/» " 
an inc. as „e,surea along the particles lon^L L,. 

. organic »t„rar';::T:;:j: " 

" suitable senslt 1"" °* 

applying «at.r'; "''anic material by 

1= solution; " -i'^^a agueous aci«c 

borobyariOe, a"^'""''"' ' a°.iu. 
a ..tal salt'. ' -"""on 

'■° 21- * process as in claim 2o wherein 

suitable .^.ous .ci«c solution is vin^r 

22. A process as in ela-Sw 
auitabie .star salt is sil^Il^tate 

' «tter Jl^ iV^e^:," " i^^i^ir"" 
^ure being roaste. ana ZZTslT. ZlT^ 
s»sitiz«, organic .aterial is . harMunSir 
•*ich „y be d«„erou. to dispose of or h»« 

r if^r ia-r rbt— 

- sensiti^e. organic ^ZZ'lt Zi IT^ZZ 
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and/or changed harmful material can be less 
dangerously disposed of or handled. 

^ 24. A process as in claim 15 wherein the 
sensitized organic material is processed after 
roasting to recover precious metals which had been 

^sX:^ ^""''^^^^ — ---i^l *^ring 
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15 



20 



25 



30 



metals ^''"''^^^ '^'^^ ""^"^^"^ °^ 

petals from a source material containing the precious 

metals comprising: 

a. preconditioning the source material 
by: ensuring that the particles constituting such 
material are of a suitable processing size, 
moisturizing the particles with water, lowering the 
temperature of the moisturized particles to cool them 
to less than about 32 'F while irradiating the 
moisturized particles with electromagnetic radiation; 

b. sensitizing an organic material by 
mining it with: reasonably pure and contaminant-free 
water, an aqueous acidic solution, a small amount of 
sodium borohydride, and an aqueous solution of a metal 
salt; 



salt; 

c. 



roasting a mixture of the 
preconditioned source material and a combustible 
nitrogen material at a temperature from about eoo-P to 
about SOO.P in such a manner that substantially all 
desxred matter ejected or volatilized from the 
preconditioned source material will pass through 
and/or about the sensitized organic material; 

d. adding a suitable amount of a suitable 
fluxing agent comprising sodium cyanotrihydoborate and 
a suitable mothering metal to the roasted source 
material and heating the material in a kiln to a 
temperature from about 1200-F to about 2000-F. 
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e. separating and rec verlng precious 
metals from the sensitized organic material after 
roasting; 

f . separating and recovering the molten 
metal containing the precious metals from the kiln; 
and 

g. separating and recovering the slag 
containing precious metals from the kiln, and then 
pulverizing the slag, adding suitable acidic and/or 
basic materials and suitable mothering agents, mixing 
the pulverized slag and the agents together, heating 
the mixture to between about 2000-P and 3000-F, and 
pouring off the molten metal for further precious 
metal separation and recovery. 
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